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SECTION 1

INTRODUCTION

1.1 Background
111 TMDL Definition and Regulatory Information

Section 303(d) of the Clean Water Act and EPA’s Water Qudity Planning and Management
Regulations (40 CFR Part 130) require states to develop Total Maximum Daily Loads (TMDLs) for
waterbodies which are exceeding water quality standards. TMDL s represent the total pollutant loading
that a waterbody can receive without violating water quality sandards. The TMDL process establishes
the allowable loadings of pollutants or other quantifiable parameters for a waterbody based on the

rel ationship between pollution sources and in-stream water quaity conditions. By following the TMDL
process, dates can establish water quaity based controls to reduce pollution from both point and
nonpoint sources to restore and maintain the quality of their water resources (USEPA 1991).

1.1.2 Impairment Ligting

Cooks Creek was listed as impaired on Virginia's 1998 Section 303(d) Tota Maximum Daily Load
Priority List and Report due to violations of the State’ swater quaity standards for fecal coliform bacteria
and violations of the Generd Standard (Benthics) (VADEQ 1998). The Cooks Creek segment beginsat
the headwaters and continues to its confluence with the North River (13.32 milesin length). This report
will address the fecal coliform bacteriaimpairment on Cooks Creek. Benthic TMDLs for Cooks Creek
were aso developed and are presented in a companion report.

A TMDL for fecd coliform bacteria on Blacks Run (main tributary to Cooks Creek) is being developed
concurrently by the United States Geological Survey (USGS) under a separate contract.

1.1.3 Water shed L ocation

Cooks Creek is located in Rockingham County, Virginia in the South Fork Shenandoah River basin
(USGS Hydrologic Unit Code, 02070005) (Figure 1.1). The waterbody identification codes (WBID,
VirginiaHydrologic Unit) for the Cooks Creek watershed is VAV-B25R (VADEQ 1998). Blacks Run
drains much of the City of Harrisonburg and is the main tributary to Cooks Creek.
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Cooks Creek/Blacks Run Watemheds

[ ot K -'

S D:ilytan

Rucmmgs-i.—‘{.w Stemphileytown r”
COTTNTY S

ST

Bﬁdgea.raﬁer el
,,{-... 1 "vf
\\|

North Rlver \

AUGUSTR~. 7
COUNTY |
.

Figure 1.1 L ocation of the Cooks Creek and Blacks Run water sheds

1.2 Designated Uses and Applicable Water Quality Standards

According to VirginiaWater Quality Standards (9 VAC 25-260-5), the term “Water quality
standards’ means provisions of state or federal law which consist of a designated use or uses for
the waters of the Commonwealth and water quality criteria for such waters based upon such
uses. Water quality standards are to protect the public health or welfare, enhance the quality of
water and serve the purposes of the State Water Control Law (8 62.1-44.2 et seq. of the Code of
Virginia) and the federal Clean Water Act (33 USC 8§ 1251 et seq.).

121 Designation of Uses (9 VAC 25-260-10)

A. All state waters are designated for the following uses. recreational uses (e.g., swimming and
boating); the propagation and growth of a balanced indigenous population of aquatic life, including
game fish, which might reasonably be expected to inhabit them; wildlife; and the production of
edible and marketable natural resources (e.g., fish and shellfish).
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Cooks Creek does not support the recreationa (swimming) and aguatic life designated uses due to
violations of the generd (benthic) criteriaand fecd coliform bacteria criteria (see below).

1.2.2 Water Quality Standards
Genera Criteria (9 VAC 25-260-20)

A. All state waters, including wetlands, shall be free from substances attributable to sewage,
industrial waste, or other waste in concentrations, amounts, or combinations which contravene
established standardsor interferedirectly or indirectly with designated uses of such water or which
areinimical or harmful to human, animal, plant, or aquatic life.

Soecific substances to be controlled include, but are not limited to: floating debris, oil scum, and
other floating materials; toxic substances (including those which bioaccumulate); substances that
produce color, tastes, turbidity, odors, or settle to form sludge deposits; and substances which
nourish undesirable or nuisance aquatic plant life. Effluents which tend to raise the temperature
of the receiving water will also be controlled.

Fecal Coliform Bacteria (9 VAC 25-260-170)

A. General Requirements. In all surface waters, except shellfish waters and certain waters
addressed in subsection B of this section, the fecal coliform bacteria shall not exceed a geometric
mean of 200 fecal coliform bacteria per 100 ml of water for two or more samples over a 30-day
period, or a fecal coliform bacteria level of 1,000 per 100 ml at any time.

1.2.3 Water Quality Standards Review

Two regulatory actions related to the fecd coliform water quality standard are currently under way in
Virginia The firg rulemaking pertains to the indicator species used to measure bacteria pallution. The
second rulemaking isan evauation of the designated uses as part of the sate’ striennid review of itswater
qudity standards.

Indicator Species

EPA has recommended that all States adopt an E. coli or enterococci standard for fresh water and
enterococci criteria for marine waters by 2003. EPA is pursuing the States adoption of these standards
because there is a stronger corrdation between the concentration of these organisms E. coli ad
enterococci) and the incidence of gagtrointesting illness than with fecd coliform. E. coli and enterococci
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are both bacteriologica organismsthat can be found in theintesting tract of warm-blooded animals. Like
feca coliform bacteria, these organisms indicate the presence of fecd contamination. In Virginia, the
adoption of the E. coli and enterococci standard is scheduled for 2002.

Desgnated Uses

All waters in the Commonwedth have been designated as "primary contact” for the swimming use
regardless of size, depth, location, water quality or actua use. The feca coliform bacteria standard as
described in 9 VAC 25-260-170 isto be met during al stream flow levels and was established to protect
bathers from ingestion of potentidly harmful bacteria However, many headwater streams are smal and
shalow during base flow conditions when surface runoff has minimd influence on stream flow. Evenin
pools, these shdlow streams do not dlow full body immersion during periods of base flow. In larger
streams, lack of public access often precludes the swimming use.

In the TMDL public participation process, the resdents in these watersheds often report that " people do
not swvimin thisstream.” It is obvious that many streams within the State are not used for primary contact
recreation.

Additiondly, the VADEQ and VADCR have developed fecal coliform TMDLsfor anumber of impaired
watersin the State. 1n some of the streams, feca coliform bacteria counts contributed by wildlife result in
standards violations, particularly during base flow conditions.  Wildlife dengties obtained from the
Department of Game and Inland Fisheriesand andysisor “typing” of thefeca coliform bacteriashow that
the high dengtiesof muskrat, beaver, and waterfowl contributeto the elevated fecal bacteriacountsinthese
streams.

Recognizing that dl waters in the Commonwedth are not used extensvely for swvimming, Virginia is
consdering re-designation of the swimming usefor secondary contact in casesof: 1) natural contamination
by wildlife, 2) smdl stream sze and 3) lack of accessbility to children. The widespread socio-economic
impacts resulting from the cost of improving a sream to a“swimmable’ satus are o being considered.

The re-designation of the current svimming usein astream to asecondary use will require the completion
of aUse Attainability Andyss(UAA). A UAA isadructured scientific assessment of the factors affecting
the attainment of the use which may include physica, chemicd, biologica, and economic factors as
described in the Federd Regulations. The stakeholders in the watershed, Virginia, and EPA will have an
opportunity to comment on these specid sudies.
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1.3 Fecal Coliform Bacteria Monitoring and Assessment

Fecd coliform bacteria data and closures issued by the Virginia Department of Hedlth (VDH) are used
to determine whether awaterbody meets the Recregtiona (swimming) designated use. Ambient water
qudity monitoring is performed by VADEQ on a monthly, bimonthly, or quarterly basis. This sampling
frequency does not provide the required two or more samples within a 30 day period to caculate the
geometric mean, therefore, fecal coliform bacteria data are assessed using the 1000cfu (colony forming
units)/200ml (instantaneous) criteria. For the 1998 303(d) report, the assessment period included the
previous five years of water quality data, from July 1, 1992 through June 30, 1997.

Waters are listed asimpaired for the Recregtiona (Svimming) designated use if grester than 10% of the
fecal coliform bacteria data exceed the 1000 cfu/100 ml criteria. For the 1998 305(b) and 303(d)
reports, VADEQ used the binomia assessment method to determine the percent violation rete for
conventiond pollutants, including feca coliform bacteria, rather than an arithmetic divison of number of
exceedances by the number of samples. The binomia assessment method is a Satistically-based
method that bal ances the likelihood of over-regulation versus under-regulation. The percent violation
rate caculated using both methods is equivadent a higher sample Szes (>35 samples). A sufficient
number of exceedances of the feca coliform bacteria criteria (>10%, using either method) were
recorded for Cooks Creek during the assessment period to list the stream as impaired.

April 2002 1-5



TMDL Development for Cooks Creek - Fecal Coliform Bacteria

SECTION 2

STREAM AND WATERSHED CHARACTERIZATION

2.1 W atershed Characterization

211 General Information

Cooks Creek is located in Rockingham County, Virginiain the South Fork Shenandoah River basin
(USGS Hydrologic Unit Code, 02070005), which is part of the Chesapeake Bay watershed. The
waterbody identification code (WBID, VirginiaHydrologic Unit) for the Cooks Creek watershedisVAV-
B25R (VADEQ 1998). Blacks Run drains much of the City of Harrisonburg and isthe main tributary to
Cooks Creek. Blacks Run is 10.74 miles in length with a watershed of gpproximately 12,255 acres.
Cooks Creek islocated just west of Harrisonburg. Thistributary tothe North River is13.32 milesinlength
and drains gpproximately 28,174 acres (including the Blacks Run subwatershed).

212 Geology

Cooks Creek is located in the Shenandoah Vdley of Virginia, which is part of the Valey and Ridge
physiographic province. TheValey and Ridge physographic provinceisabelt of folded and faulted clagtic
and carbonate sedimentary rocks Situated west of the Blue Ridge crystaline rocks and east of the
Appdachian Plateaus. The Shenandoah Valey makes up part of the Great Vdley subprovince, which
extends from New Y ork southwest to Alabama. This areais characterized by broad valeys with low to
moderate s opesunderlain by carbonaterocks. Limestone and dolomite (which are carbonaterocks) occur
beneath the surface forming the most productive aquifersin Virginias consolidated rock formations. The
gently rolling lowland of the valley floor lies a an eevation of approximately 1000 feet above sea levd.
Sinkholes, caves, and caverns are common in the valey dueto its karst (carbonate rock) geology.

213 Sails

Soils data were obtained from the Rockingham County Soil Survey (SCS 1981) and the State Soil
Geographic (STATSGO) database for Virginia, as developed by the Natura Resources Conservation
Service (NRCS 1994). The Rockingham County Soil Survey identifies three primary soil associationsin
the Cooks Creek watershed, as shown in Figure 2.1.

The Frederick-Lodi-Rock Outcrop and Chilhowie-Edom soil associations include valey soils that were
formed in residua materia weathered from limestone, dolomite, and cacareous shde. Frederick-Lodi-

April 2002 2-1



TMDL Development for Cooks Creek - Fecal Coliform Bacteria

Rock Outcrop soils are located in the eastern and western sections of the Cooks Creek watershed
(STATSGO map unit - VA003). Chilhowie-Edom soils are located in the central portion of the Cooks
Creek watershed (STATSGO map unit - VA002). These soils are generdly deep to moderately deep,
gently doping to steep, well drained soils that have a clayey subsoil and areas of rock outcrop, and are
located on uplands underlain by limestome, dolomite, and interbedded shale. Infiltration is dow to
moderate and runoff potential is moderate. Slopes typicaly range from 2 to 60 percent. The soils are
fertile and cleared areas are commonly used for cropland and pasture. Corn and hay are the principa
crops grown in these areas. Forested areas consist of northern red oak, yellow poplar, hickory, maple,
black walnut, locust, eastern red cedar, and Virginia pine.

The third soil association, Monongahela-Unison-Cotaco, exists in the southern and southwestern portions
of the Cooks Creek watershed (STATSGO map unit - VAOO4). Thissoil map unit followsthefloodplain
of the North River and other streamsin the county, including downstream areas of Cooks Creek. These
soils are found on river terraces that formed in dluvid or colluvid materid. Soils are generdly leve to
moderately steep, well drained to moderately well drained, and have aloamy or clayey subsoil. Infiltration
isdow in thefragipan and surface runoff ismoderate. Slopesrangefrom 0to 25 percent. Most areashave
been cleared of the origind hardwood forest and used for pasture, cultivated crops, and industrial and
resdentid sites. Corn and hay are the principa crops grown in these soils.
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Cooks Creek/Blacks Run - Soils
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Figure 2.1 Soil associationsand STATSGO map unitsin Cooks Creek and Blacks Run

214 Climate

The area sdimateistypica of other regionsin the Shenandoah Vdley. The Blue Ridge Mountainsto the
eadt and the Alleghany Mountains to the west provide protection from the climate extremes experienced
in other parts of Virginia. Weather data for these watersheds can be characterized using the Dae
Enterprise meteorologica station, which is located in the northwestern portion of the Cooks Creek
watershed (period of record: 1961-1990). The growing season lasts from May 1 through October 11in
atypica year (SERCC 2000). Average annud precipitation is 33.6 incheswith August having the highest
average precipitation (3.58 inches). Average annud snowfall is 26.5 inches, most of which occursin
January and February. The average daily temperature for the year is 53.3°F. The average annud
maximum and minimum dally temperature is 64.9°F and 41.7°F, respectively. The highest dally average
temperatures are recorded in July (85.8°F) and the lowest temperatures are recorded in January (21.1°F).
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215 Land Use

A GIS land use coverage was developed by the Virginia Department of Conservation and Recreation
(VADCR) for the Cooks Creek watershed in the early 1990s using satellite imagery (Figure 2.2). Land
useareasinthesewatershedswere ground-truthed by VADCR and Tetra Tech personnel in October 2000
and correctionsto GIS coverages were made using this information and housing coverages provided by
the planning offices of Rockingham County and the City of Harrisonburg. There are atota of 25 unique
land usetypesin the GI S coverages, including various urban, agricultura, and forest categories(Table 2.1).
Individua land use types were consolidated into ten broader categories that had smilar attributes for
modeling purposes.

Land usein the Blacks Run watershed is predominantly urban/suburban in the middie and upper
portions of the watershed and agriculturd in the lower portion. Overdl, 66% of the Blacks Run
watershed is urban/suburban, 16% is pasture/hayland, 9% is cropland, and 8% of the areais forest.
Much of the City of Harrisonburg is located within the Blacks Run watershed, which accounts for the
high percentage of urban area. Primary and secondary roads, including Interstate 81 and U.S.
Highways 33 and 11, bisect the watershed and have helped support urban development in the area.
The City of Harrisonburg has a population of approximately 40,468 people according to the 2000
Census. James Madison University islocated within the City of Harrsionburg and isamgor sate
universty. The university and resdentid areas include large areas of green space, therefore, much of
the classified urban areain the watershed conssts of perviouslands. Agriculturd land uses consst of
cropland (primarily corn production), hayland, pasture, and livestock operations. Livestock in the
watershed include dairy and beef cattle, hogs, sheep, chickens, and turkeys.
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Cooks Creek/Blacks Run Watersheds - VADCR Land Use
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Figure 2.2 Land usein the Cooks Creek and Blacks Run water sheds (VADCR)

The Cooks Creek watershed is predominantly agricultural except for the Blacks Run portion. The
entire Cooks Creek watershed, including Blacks Run, is 43% urban/suburban, 28% cropland, 21%
pasture/hayland, and 8% forest. Excluding the Blacks Run subwatershed, the watershed is 26% urban,
41% cropland, 26% pasture/hayland, and 7% of the areaisforest. Urban areas in the watershed
include Mount Crawford, Park View, Dae Enterprise, the Town of Dayton, and the City of
Harrisonburg (Blacks Run). The Town of Dayton is the second largest urban areain the watershed
with a population of 1,344 people (Census 2000). Overall, the percentage of urban areais sgnificantly
lower than in the Blacks Run watershed. Also, urban development is less concentrated and primarily
congsts of low intendty resdentid areas. Agriculturd land uses, cultivated crops, and livestock grown
in the watershed are the same as those listed above for Blacks Run. The livestock population in the
Cooks Creek watershed is considerably higher than in the Blacks Run watershed.
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Table2.1 VADCR land use categories and consolidated land uses

VADCR land use Categories

Consolidated land use

Cattle Operations

Crop Land Row Crops
Improved Pasture
Unimproved Pasture

Pasture/Ha
Overgrazed Pasture y
Rotational Hay
Barren

Transitional

Open Urban Land

Urban / Recreational Grasses

Commercia and Services
Industrial
Transportation

High Intensity Commercial / Industrial / Transportation

High Density Residential
Mixed Urban or Built-Up
Mobile Home Park

High Intensity Residential

Medium Density Residential

Medium Intensity Residential

Low Density Residential
Farmstead

Large Dairy Waste Operations
Poultry Operations

Low Intensity Residential

Forested

Grazed Woodland

Nurseries and Christmas Tree Farms Forest

Orchards

Wooded Residential

Water Water
2.2 Stream Char acterization

Blacks Run flows through downtown Harrisonburg and continues through a predominantly agricultural
areain the lower reach. Views of Blacks Run and its watershed are shown in Figure 2.3. Severa
mainstem and tributary sections were placed in underground culverts years ago to dlow for
congtruction of city buildings and other structures. Other sections have been channdlized and urban
encroachment into riparian areas has occurred. Streams show evidence of de-stabilization including
bank erosion, down-cutting (erosive degpening of the stream channdl), and excessive sedimentation.
This de-gahilization is likely caused by hydromodification of the stream channed due to increased runoff
from impervious areas and sormwater outfalls during sorm events. Stream banks have been armored
with rip-rap or retaining walls in some sections to prevent bank erosion and dumping. Downstream
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aress of Blacks Run have aso been negatively impacted by erosion from agriculturd lands and riparian
disturbances. Riparian vegetation is minima throughout the watershed.

Cooks Creek has been primarily affected by agricultura practices, including the intensive use of riparian
areas for cropland and pasture. Views of Cooks Creek and its watershed are shown in Figure 2.4.
Erosion from cropland and overgrazed pasture land is primarily responsible for observed sedimentation
problems. Livestock traffic has dso resulted in bank erosion and other physica impactsto stream
channds. Mot riparian areas are in crop production or are utilized as pasture for grazing livestock.
Urban development in the watershed, excluding Blacks Run, isless intense and is not generdly
concentrated within a close proximity to sresms. Asin Blacks Run, riparian vegetation is minimal
throughout the watershed.
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Figure 2.3 Views of Blacks Run (photos
taken on 10/27/00)
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Figure 2.4 Views of Cooks Creek (photos
taken on 10/27/00)
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SECTION 3

TMDL ENDPOINT AND WATER QUALITY SUMMARY

3.1 TMDL Endpoint Deter mination - Fecal Coliform Bacteria

Cooks Creek was listed as impaired for feca coliform bacteria on Virginia s 1998 303(d) list based on
monitoring conducted from July 1, 1992 through June 30, 1997. Elevated levelsof fecd coliform bacteria
were recorded a the VADEQ water quaity monitoring station on Cooks Creek during this time period.
Asaresult, Cooks Creek does not support the Recreation (swvimming) beneficial use.

As discussed previoudy, TMDL development requires the identification of a numeric endpoint that will
dlow for the attainment of designated uses and water quality criteria. For the Cooks Creek fecd coliform
bacteria TMDL, the applicable endpoint can be determined directly from the Virginia water quality
regulations. Water Qudity Standards specify a maximum feca coliform bacteria concentration of 1000
cfu/100ml, at any time, and a geometric mean criteria of 200 cfu/100 ml for two or more samples over a
30-day period (9 VAC 25-260-170). The geometric mean criteria was used as the TMDL endpoint
because continuous S mulation modeling results are presented &t daily intervals, which provides more than
the minimum number of samples required for caculation of the geometric mean. Therefore, thein-stream
fecd coliform target for this TMDL was a geometric mean not exceeding 200 cfu/1200ml.

3.2 Monitoring Stations

Monthly feca coliform bacteria data are collected by VADEQ a Ambient Water Quality Monitoring
(AWQM) dtations on Cooks Creek and Blacks Run. Benthic community data are collected at separate
biomonitoring stations each soring and fal. The USGS and VADEQ aso maintain a flow gaging sation
on Blacks Run that was in operation from February 1999 through January 2001. Station locations are
ligled in Table 3.1 and shown in Figure 3.1. The AWQM station on Cooks Creek islocated upstream of
its confluence with Blacks Run.
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Table 3.1 Monitoring stations on Blacks Run and Cooks Creek

Sation Type Station Number Stream and L ocation
AWQM 1BBLK000.38 Blacks Run - near the mouth, approximately 600 feet
downstream of the Rt. 704 bridge
1BCKS003.10 Cooks Creek - just upstream of the confluence with Blacks
Run, at the Rt. 11 bridge
Biomonitoring 1BBLK005.62 Blacks Run - upstream, near agravel parking lot off of Beery
Road in Harrisonburg
1BCKS003.04 Cooks Creek - just downstream of the AWQM station,
between Rt. 11 and the confluence with Blacks Run
USGS Streamflow 01621470 Blacks Run - at the Rt. 704 bridge
Gage

Cooks Creek/Blacks Run Subwatersheds

c

“4B ELKﬂﬂﬁ.ﬁi- (Biomonitoring)

f
1 5 ' & I’:
L_ . : Q’ e
“ . 7 uSGsf1621470
1BBLK000.38 (AWQM) 4 Zl3¢ks Run at Route 704

-

1BCKSD03.10 (AWGQM) ' .: ;
{ wq Va ABCKS003.04 (Blomonitoring)

Water Cluality Station
A Biomonitoring Station
@ Fiver Gage

b

Figure 3.1 Monitoring stations on Cooks Creek and Blacks Run
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3.3 Water Quality Summary

331 Ambient Water Quality Monitoring (AWQM) Summary

Cooks Creek is classfied as a Mountainous Zone Waterbody (Class V) in Virginia Water Quality
Standards (9 VAC 25-260-50). Numeric criteriafor dissolved oxygen, pH, and maximum temperature

for Class |V waters are shown in Table 3.2.

Table 3.2 Virginianumeric criteriafor Class1V waters

Dissolved Oxygen (mg/L)

Minimum Daily Average pH (standard units) Maximum Temperature
(°C)

4.0 50 6.0-9.0 31

Water quality monitoring data were summarized to help determine generd stream characterigtics (Table
3.3). These datawere collected by VADEQ from December 1991 through October 2000. VADEQ
began andlyzing for low-level concentrations of total phosphorus in Blacks Run and Cooks Creek in
April 1994. Therefore, total phosphorus data presented in Table 3.3 were collected from April 1994
through October 2000.
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Table3.3 Water quality summary for Blacks Run and Cooks Creek

Parameter | Temp DO pH Turbidity TSS NT—ITN NO3 TP Ccljl?:(?:m
Name (°C) | (mgL) (NTU) (mg/L) (mglL) (mglL) | (mg/L) (cfu/100ml)
1BBL K 000.38 (Blacks Run)
Count 99 98 99 80 99 98 98 81 96
Mean 14.58 10.35 811 28.94 36.56 0.14 161 0.097 5292
Median 15.10 10.30 8.10 14.35 17.00 0.04 1.45 0.060 2300
Max 29.90 16.10 9.30 520.00 784.00 4.00 6.97 0.900 16000
Min 0.10 4.40 7.00 3.00 3.00 0.04 0.28 0.020 45
1BCK S003.10 (Cooks Creek)
Count 99 98 99 80 99 98 98 81 97
Mean 14.71 9.91 811 60.10 68.90 0.20 4.85 0.258 7361
Median 14.50 10.05 8.10 29.70 40.00 0.12 412 0.170 6400
Max 30.00 15.30 9.50 390.00 506.00 1.69 9.45 1.410 16000
Min 0.20 3.30 7.00 6.45 4.00 0.04 0.39 0.040 100

By comparison, Cooks Creek had poorer water quality than Blacks Run for each parameter shown.
Nutrients, total suspended solids, feca coliform bacteria, and other water quality parameters were
elevated above typica background concentrations in both streams indicating degraded water quaity
conditions.

3.3.2 Fecal Coliform Bacteria Data

Asdiscussed in Section 1, fecd coliform bacteria data are assessed using the 1000 cfu/200 ml
(instantaneous) criteria. VADEQ monitoring data collected from December 1991 through October
2000 were andyzed to determine the percent violation of the 1000 cfw/100ml criteria. Feca coliform
bacteria counts for Cooks Creek and Blacks Run are shown in Figures 3.2 and 3.3, respectively.
During this time period, Cooks Creek had a percent violation rate of 90% and Blacks Run had a
percent violation rate of 75%.

Of particular note is the number of samples that had afeca count of 16,000 cfu/100 ml. The upper
limit of |aboratory anadysis was either 8,000 cfu/200 ml or 16,000 cfu /100 ml, depending on collection
date. Therefore, many of these samples likely represent concentrations much higher than these limits.
The percent violation andys's and the number of extremey high concentrations provide insght into the
meagnitude of the feca contamination problemsin these streams. Violaions occurred in dl flow regimes.
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SECTION 4

SOURCE ASSESSM ENT

Point and nonpoint sources of fecd coliform bacteriain the Cooks Creek watershed were consdered in
TMDL development. The source assessment was used as the basis of model development and analysis
of TMDL dlocation options. A variety of information was used to characterize sources including,
agricultural and land use information provided by VADCR, water quality monitoring and point source data
provided by VADEQ), locd housing and other spatid coverages provided by Rockingham County and the
City of Harrisonburg, coordination with USGS (Blacks Run TMDL development), past TMDL studies,
literature sources, and other information. Procedures and assumptions used in estimating fecal coliform
bacteria loads are described in the following sections. Sources in the Blacks Run watershed were
quantified by the USGS using amilar loading estimation procedures and assumptions.

4.1 Assessment of Nonpoint Sources

Virginia's 1998 303(d) list identifies agricultura runoff asthe primary source of pollutants in the Cooks
Creek watershed. The lower three miles of Cooks Creek was aso listed as impacted by urban
nonpoint sources contributed by Blacks Run. Nonpoint sources of fecd coliform bacteriainclude
septic systems, livestock (including manure gpplication loads), wildlife, and domestic pets. The
representation of the following sources in the modd is discussed in Section 5.0. Sourcesin the Blacks
Run watershed were quantified by the USGS and are presented in the fecd coliform bacteria TMDL
for Blacks Run (USGS 2002).

4.1.1 Septic Systems and Straight Pipes

Residentia septic systems treat human waste using a collection system that discharges liquid waste into
the soil through a series of digtribution lines that comprise the drain fidld. Fecd coliform bacteria
naturdly die-off asthe effluent percolates through the soil to the groundwater. These systems
effectively remove fecd coliform bacteriawhen properly ingdled and maintained.

A septic system failure occurs when there is a discharge of waste to the soil surface whereit is available
for washoff into surface waters. Failing septic systems can ddliver high bacterialoads to surface
waters, depending on the proximity of the discharge to a stream and the timing of rainfal events. Septic
system failures typicaly occur in older sysemsthat are not adequately maintained with periodic sewage
pump-outs.
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There are 1,147 unsewered houses (septic tanks) in the Cooks Creek watershed, excluding the Blacks
Run subwatershed, as determined using the following methods. Unsewered houses were identified and
digitized based on the location of structures, as depicted on USGS 7.5 minute topo maps (24K Digital
Raster Graphics), and by using housing and sewer GIS coverages provided by Rockingham County
and the City of Harrisonburg (E-911 data). Houses located within 300 feet of a sawer line were
assumed to be connected to the regional sewer system. The location of unsewered houses was refined
using the VADCR land use coverage for the Cooks Creek watershed. Houses located within high
densty residentia, medium dengity resdentia, commercid, industria, trangportation, mixed urban, and
open urban land use areas were also assumed to be connected to the sewer system. The population on
septic was calculated using the Rockingham County census multiplier of 2.69 persons/house. The total
septic population in the Cooks Creek watershed is 3,086.

The number of failing septic sysems was estimated using afalure rate of 13.5%. Thisfailure rate was
based on information obtained by the USGS during the development of the Blacks Run fecd coliform
TMDL. A fecd coliform bacteria concentration of 10* cfu/100mL and a septic system waste flow of
70 galong/captialday was used to estimate the contribution from failing septic systems to surface waters
(Hordey and Witten 1996). In some cases, human waste is directly deposited into surface waters from
houses without septic sysems. These “straight pipes’ and other illicit discharges areillega under
Virginiaregulations. Houses with straight pipes are typically older structuresthat are located in close
proximity to astream. The number of straight pipes in the watershed was determined based on housing
age and proximity to perennia streams. Older houses (pre-1967 and 1967-1985) located within 150
feet of aperennia stream were assumed to have a straight pipe according to the following percentages.
pre-1967 (10% straight pipes), 1967-1985 (5% straight pipes). Using GIS anaysis, one house in the
Cooks Creek watershed was assumed to directly discharge into surface waters. Houses considered to
have anorma functioning septic system were assumed to have a negligible contribution of fecal coliform
bacteria to surface waters.

41.2 Livestock

Rockingham County ranks asthetop agriculture producing county in Virginia, dueinlarge part to livestock
sades(NASS 1997 CensusData). Rockingham County istheleading producer of poultry (broilers, pullets,
layers, and turkeys) and dairy cattle, ranks 3rd in beef cattle production, and is 2nd in sheep and lamb
production (VASS 2001). Hogsareaso raisedinthe county. Animal population estimatesfor the Cooks
Creek watershed were based on the 1995 VADCR livestock inventory, as presented in Table 4.1.
Horses, goats, and other livestock animas had very smal populations as compared to the mgjor livestock
gpecies listed above; therefore, the fecal |oads from these animals were assumed to be negligible.
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Table4.1 VADCR livestock population estimates

s el S Cooks Creek Population (excluding the Blacks Run
subwater shed)
Beef Cattle 1,880
Dairy Cattle 10,050
Hogs/Pigs 224
Sheep/Lambs 434
Chickens (pullets/layers) 66,797
Broilers 1,016,650
Turkeys 263,502

Fecal coliform bacteria produced by livestock can be deposited on the land, directly deposited in the
sream (asis common when grazing animas have stream access), manualy applied to cropland and other
agricultura lands as fertilizer, or contributed to surface waters through illicit discharges from animal
confinement arees. Fecd coliform bacteria deposited on the land, either directly or through manure
goplication, are available for washoff into surface waters during rainfdl events. There are no knownillicit

discharges of anima waste in the watershed.

Grazing animds, such as beef and dairy cattle, typicaly spend portions of the day confined to loafing lots,
grazing on pasture lands, and watering in nearby streams. The percentage of time spent in each areaaffects
the relative contribution of feca coliform bacterialoadsto the stream. The amount of time beef and dairy
cattle spend in or near streams primarily depends ontime of year and the availability of stream accessand
off-stream watering facilities. Data collected by the USGS for the Blacks Run fecal coliform TMDL
project, other regiond TMDL studies, and loca data sources were used to determine the amount of time
beef and dairy cattle spend in these different areas. Thesedataare presented in Tables4.2 and 4.3. Beef
caitle typicaly spend more time grazing in open aress than dary cattle, which are confined for milking

several hoursaday. Sheep were assumed to be in pasture 100 percent of the time.
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Table 4.2 Beef Cattle - percent of time spent grazing, in confinement, and in streams

. Grazing Loafing Lot - Confinement Stream Access
(hours) (hours) (hours)

January 13.9 9.6 0.5
February 139 9.6 0.5
March 23.25 0 0.75
April 23 0 1.0
May 225 0 15
June 20.5 0 35
July 20.5 0 35
August 20.5 0 35
September 225 0 15
October 23 0 1

November 23.25 0 0.75
December 13.9 9.6 0.5

Table 4.3 Dairy Cdtle - percent of time spent grazing, in confinement, and in Streams

Month Grazing Loafing Lot - Confinement Stream Access
(hours) (hours) (hours)

January 55 18 05
February 55 18 0.5
March 13.65 9.6 0.75
April 15.8 7.2 10
May 153 7.2 15
June 133 7.2 35
July 13.3 7.2 35
August 133 7.2 35
September 15.3 7.2 15
October 15.8 7.2 1

November 13.65 9.6 0.75
December 55 18 0.5
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Collected manurefrom livestock animalsisapplied to cropland and pasturein the Cooks Creek watershed,
according to the following ratio: 75 percent is applied to cropland and 25 percent is applied to pasture.
Dairy cattle and poultry manure represent the primary sources of land-applied livestock waste. Beef and
dairy cattle manureisapplied to cropland and pasture according to the schedulein Table 4.4. Turkeysand
chickens are confined to poultry houses and hogs are confined to feed lots in the watershed; therefore, al
litter produced is manually applied to cropland and pasture. The gpplication of poultry manure for these
speciesfollowsthescheduleinlisted in Table4.5. Manureisapplied to cropland during al months, except
for June through August, due to the presence of a growing crop. The manureis used to fertilize corn and
other primary cropsin the spring and winter wheet in thefdl. Tillage dlows for theincorporation of fecal
coliform bacteria that is applied to the soil surface. Based on field observations of cropland in the
watershed, it wasassumed that 25% of the manurethat was gpplied wasincorporated into the soil, resulting
in 75% of the fecd coliform bacteriaload being available for washoff.

Table 4.4 Beef and Dairy Catle - Fraction of the annua manure application that is gpplied each month

Month Beef Cattle Manure Dairy Cattle Manure
Fraction Applied Fraction Applied

January 0 0
February 0.05 0.05
March 0.25 0.25

April 0.2 0.2

May 0.05 0.05

June 0.05 0.1

July 0.05 0

August 0.05 0.05
September 0.1 0.15
October 0.1 0.05
November 0.1 0.1
December 0 0
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Table4.5. Turkeys/Chickens and Hogs - Fraction of the annua manure gpplication that is applied each
month

Mot Turkey/Chicken Manure Hog.;Manurg
Fraction Applied Fraction Applied

January 0 0

February 0.05 0

March 0.25 0.075
April 0.2 0.158
May 0.05 0.134
June 0.05 0.134
July 0.05 0.134
August 0.05 0.134
September 0.1 0.159
October 0.1 0.075
November 0.1 0

December 0 0

Fecal coliform bacteriaproduction ratesused for livestock speciesinthe Cooks Creek watershed arelisted
inTable4.6. A variety of sourceswere consulted to determinethe gppropriatedaily fecal coliform bacteria
production vaue for each species, including the USGS Blacks Run TMDL, other TMDL studies, and
literature sources.

Table 4.6. Livestock fecd coliform bacteria production rates

Livestock Species Daily Production (cfu/animal/day) Primary Source
Beef cattle 4.46 x 10" USGS 2002
Dairy cattle 3.90x 10 USGS 2002
Chickens 6.75x 107 ASAE 1998
Turkeys 930x 10 ASAE 1998
Hogs/Pigs 1.08x 10" ASAE 1998
Sheep 1.96x 10 ASAE 1998
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413 Wildlife

Wildife speciesin thewatershed wereidentified through consultation with the VirginiaDepartment of Game
and Inland Fisheries(VDGIF). The predominant speciesincludeducks, geese, deer, beaver, raccoon, and
muskrat. The population of each species was estimated using the population density per square mile of
habitat area and the total area of suitable habitat in the watershed (Table 4.7). Habitat areas were
determined using GIS and the land use coverage provided by VADCR. Population estimates and the
defined habitat of each species in the Cooks Creek watershed (excluding the Blacks Run subwatershed)
aeligedin Table 4.8.

Table4.7 Wildlife population dengty by land use (# animals per square mile of habitat)

Ducks Geese
Land Use Deer Beaver Raccoon Muskrat
Summer Winter Summer Winter

Cropland 30 40 50 70 0 5 15 320
Pasture/Hay 30 40 50 70 25 5 15 320
Forest 10 20 0 0 25 10 35 320
Built-Up 30 40 50 70 0 5 15 320
(Urban)

Table 4.8 Wildlife habitat descriptions, population estimates, and percent of time spent in streams

Wildlif % i

I d.l © Habitat Description #of Animals oin
Species Streams

Ducks 100 meter buffer around perennial streamsfor all land uses 51 in summer 25
68 in winter °

Geese 100 meter buffer around perennial streams for Pasture/Hay, 84 in summer o5

Cropland, and Built-Up 117 inwinter

Deer 25 deer/mi? for Pasture and Forest 183 year-round 1
Beaver 20 meter buffer around perennial streamsfor all land uses 2 year-round 100

Raccoon 0.5 mile buffer around perennial streamsfor all land uses 176 year-round 5

Muskrat 20 meter buffer around perennial streamsfor all land uses 113 year-round 30

Aswith grazing livestock, wildlife deposit on the land and directly to surface waters. The percentage of
fecd coliform bacteriathat was directly deposited to surface waters was estimated based on the habitat
of each gpecies. The remaining fecd coliform load was applied to the upland landuses, according to the
total area of each landuse within established habitat areas. The typical feca coliform densty for each
wildlife species was used to caculate fecad coliform bacterialoads (Table 4.9).
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Table4.9 Feca coliform bacteria production rates for wildlife species

Wildlife Species Daily Production (cfu/animal/day) Primary Source
Ducks 7.35x 10° USGS 2002
Geese 79x 10 USGS 2002
Deer 347x10° Y agow 1999
Beaver 20x10° MapTech 2000
Raccoon 50x10° Y agow 1999
Muskrat 25x 10 Y agow 1999
414 Domestic Pets

Domedtic pets, particularly dogs and cats, were also considered in source assessment and watershed
modding. Housing estimates (sawered and unsewered houses) were used to determine the number of pets
ineach subwatershed. Based on the assumption of one pet per household, the number of petsinthe Cooks
Creek watershed was estimated to be gpproximatdly 3,048. Thefeca coliform concentrationin dog waste
(1.85 x 10° cfw/100mL - Mara and Oragui 1981) was used for al pets.

4.2 Assessment of Point Sour ces

Point sources, such as municipa sewage trestment plants, can contribute feca coliform bacterialoads to
surface waters through effluent discharges. These facilities are permitted through the Virginia Pollutant
Discharge Elimination System (VPDES) program that is managed by VADEQ.

There are currently four minor point source facilities in the Cooks Creek and Blacks Run watersheds
(Table 4.10). Two of these fecilities are located in the Blacks Run subwatershed (Figure4.1). TheU.S.
Training and Development Center isthe only facility that is permitted to discharge fecd coliform bacteria
Thisfacility has afecd coliform bacteria discharge limit of 200 cfuw/200ml and adesign flow of 0.001 mgd.
Thisfacility was addressed in the Blacks Run fecal coliform bacteria TMDL (USGS 2002).

Table4.10 VPDES point source facilities

Stream Facility Name VPDES Permit No. Discharge Type
Frazier Quarry VAG841011 Quarry water
Blacks Run
U.S. Training and Development Center | VAG401217 Municipal
Dayton WTP VVA0090085 Filter backwash
Cooks Creek
Harrisonburg WTP VA0002674 Filter backwash
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Cooks Creek/Blacks Run - VPDES Facilities

Harrisonbutg WTP' | e
Unnamed Tri Gnnks C reek i
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Figure 4.1 VPDES facilities (point sour ces) in the Cooks Creek and Blacks Run water sheds
* The U.S. Training and Development Center is not shown (permitted 9/01).
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SECTION 5

WATERSHED MODEL ING

Egtablishing the rel ationship between thein-stream water qudity targets and the sourceloadingsisacritica
component of TMDL development. It dlows for the evauation of management options that will achieve
the desired source load reductions. The link can be established through a range of techniques, from
quditative assumptions based on sound scientific principles to sophisticated modding techniques. 1dedly,
the linkage will be supported by monitoring data that alow the TMDL developer to associate certain
waterbody responses to flow and loading conditions. In this section, the selection of the modding tools,
setup, and model application are discussed.

5.1 M odeling Framework Selection

The U.S. EPA Better Assessment Science Integrating Point and Nonpoint Sources (BASINS) system
Version 2.0 (USEPA 1998) and the Nonpoint Source Model (NPSM) were used to predict the
sgnificance of feca coliform sources and feca coliform levelsin the Cooks Creek watershed. BASINS
is amultipurpose environmental andlys's system for use in performing watershed and water quality-based
dudies. A geographic information system (GIS) provides the integrating framework for BASINS and
dlows for the display and analyss of awide variety of landscape information (e.g. land uses, monitoring
stations, point source dischargers). The NPSM mode smulates nonpoint source runoff from selected
watersheds, as well as the trangport and flow of pollutants through stream reaches. BASINS produces
time series data, dlowing for sufficient data to compare to the water qudity target in the andysis.

5.2 Model Setup

The Cooks Creek watershed (including Blacks Run) was subdivided into ten subwatershedsto adequately
represent the spatial variation in feca coliform sources, watershed characterigtics, hydrology, and the
location of water quality monitoring and streamflow gaging dations. Perennid and intermittent Sreamsin
the Cooks Creek watershed were digitized based on the location of “blue-ling” streams as shown on the
USGS 7.5 minute topographic maps of the area. The delinestion of subwatersheds was based primarily
on a topographic analysis of the watershed. Subwatersheds, primary streams, and the location of
monitoring stations are shown in Figure 5.1. The spatid divison of the watershed dlowed for a more
refined representation of pollutant sources, and a more redigtic description of hydrologic factors in the
watershed.
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Cooks Creek/Blacks Run Subwatersheds

Figure5.1 Cooks Creek/ Blacks Run subwatersheds and monitoring stations

Fecd coliform bacteria modeing data provided by the USGS were used to determine the exigting and
alocation load contributions from Blacks Run. Asaresult, fecal coliform bacterialoadsfrom Blacks Run
weretreated asapoint sourceinthemodd. Thedelinestion of subwatershedsinthe Blacks Runwatershed
was necessary for hydrology calibration, snce the only active streamflow gage is located near the mouth
of Blacks Run. Themodeing of point sourcesin thewatershed (including the Blacks Run contribution) and
hydrology cdibration procedures are discussed in detail later in this section.

5.3 Sour ce Representation

Both point and nonpoint sources were represented in the model for Cooks Creek. In general, point
sources were added to the mode as atime-series of pollutant and flow inputs to the stream. Land-based
nonpoint sources were represented as an accumulation of pollutants on land, where some portion is
avalable for transport in runoff. The amount of accumulation and availability for transport vary with land
use type and season. The modd alows for a maximum accumulation to be specified. The maximum
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accumulation was adjusted seasonally to account for changes in die-off rates, which are dependent on
temperature and moisture conditions. Some nonpoint sources, rather than being land-based, are
represented asbeing deposited directly to the stream (e.g. animal defecationin stream). These sourcesare
modeled smilarly to point sources, asthey do not require arunoff event for delivery to the stream.

531 Failing Septic Systems

Septic systems provide the potential to ddliver bacteria loads to surface waters due to system failures
caused by improper maintenance and/or mafunctions. The number of septic systems in each watershed
was determined using available housing and sewer GIS coverages provided by the Rockingham County
and the City of Harrisonburg (Table 5.1). Houses in the watershed were digitized based on the location
of structures, as depicted on USGS 7.5 minute topo maps (24K Digital Raster Graphics). The VADCR
land use coverage for the Cooks Creek watershed was used to separate out sewered versus unsewered
aress, depending on the classfication of land use types. Using the Rockingham County census multiplier
of 2.69 persong/house, the tota septic population in each subwatershed was estimated. The number of
falling septic sysemswasthen cad culated using afallurerate estimate of 13.5%. Thisfallureratewasbased
on information obtained by the USGS during the development of the Blacks Run feca coliform TMDL.
In addition, data on housing age and proximity to a perennial stream were used to estimate the number of
unsawered houses with agtraight pipe (direct discharge). Asdetailedin section 4.1.1, older houseswithin
close proximity to a stream had a greater likelihood of having a direct discharge. Build-up and washoff
rates were used to caculate the feca coliform bacteria load contributed to the stream by failing septic
systems. 100% of the load from direct discharges was assumed to be trangported to the stream.

Table5.1. Tota and failing septic population estimates (by subwatershed)

Subwater shed Septic Population FepHlEe SZ;I:Z.EZ Y E=ate
1 86 12
2 635 86
3 971 131
4 912 123
5 482 65
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532 Livestock

Fecal coliform bacteria produced by livestock can be deposited on the land, directly deposited in the
stream (as is common when grazing animals have stream access), manualy applied to cropland and other
agricultural lands as fertilizer, or contributed to surface waters through illicit discharges from anima
confinement aress. Fecd coliform bacteria deposited on the land, ether directly or through manure
goplication, are avallable for washoff into surface waters during rainfdl events. There are no known illicit
discharges of anima waste in the watershed.

Anima popul ation estimates for the Cooks Creek watershed were based on the 1995 VADCR livestock
inventory. Feca coliform bacterialoads directed through each pathway were ca culated by multiplying the
fecd coliform dengty with the amount of waste expected through that pathway.

The population of each livestock species was distributed among subwatersheds based on the total area of
pasture and hayland in each subwatershed (Table 5.2). The number of beef and dairy cattle with stream
access were estimated based onaGlSanaysisof pasture and hayland areasthat adjoin perennia streams
and information on the time spent in sreams.  For each species, 80 percent of the animas with stream
access were assumed to be in pasture and 20 percent were assumed to be in hayland areas (including
improved pasture) at any time.

Table 5.2 Livestock population by subwatershed

Subwater shed Beef Cattle Dairy Cattle Hogs Sheep ( 8? gf;?gfs) Turkeys
1 140 747 17 32 80,496 19,577
2 34 1890 42 8 203,765 49,557
3 511 2730 61 119 294,393 71,589
4 431 2304 51 100 248,373 60,406
5 445 2379 53 103 256,459 62,373

Liquid manure from confined animas (cattle, chickens, and turkeys) is applied to cropland and hayland in
the Cooks Creek watershed. In generd, it was assumed that 75 percent of the manure application was
applied to cropland, with 25 percent applied to pasture. Application rates vary monthly, with gpplication
primarily occurring during the spring and fal. Application of manure results in the accumulation of fecal
coliformon the land surface. Therefore, fecd coliform accumulation rates are directly influenced by and
based on the application rates of manure. To determinefeca coliform accumulation factorsfor themodd,
it was necessary to determine the amount of feca coliform present in manure (refer to Section 4). The
fraction of manure application available for runoff was cadculated by subtracting the amount typicaly
incorporated into the soil matrix through tillage and natura processes (assumed 25% soil incorporation).
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Beef and dairy catle in streamswere represented in the model asdirect inputs (e.g. point sources) of feca
coliform bacteria. Using the feca coliform bacteria production rates for beef and dairy cattle, the daily
contribution of fecd coliform bacteria from cattle in streams was caculated and then totaled by
subwatershed depending on the population estimates of beef and dairy cattle watering in sreamsin each
subwatershed (refer to Section 4.1.2). Fecd coliform bacteria contributions from cettle in streams were
represented in the model using the total oad ddlivered to the stream (#/day) and the flow rate a which it
isddivered (cfs). Theflow rate was determined using the amount of waste produced by beef and dairy
catle each day (Ib/day) and an assumed density of the manure produced (Ib/gal). Cattlein the treamwere
assumed to discharge at a constant rate.

Grazing animas aso contribute feca coliform bacteria to the land surface, which is availaole for washoff
to surface waters during storm events. Beef and dairy cattle were the most abundant grazing animasinthe
watershed, asshown in Table 5.2 Sheep represent the only other significant grazing livestock speciesin
the Cooks Creek watershed. Cattle and sheep were distributed throughout pasture and hayland areasin
each subwatershed. Feca coliform accumulation rates (#/acre/day) for each of these livestock species
were cal culated using subwatershed popul ation estimates and the fecal coliform production rate established
for each species.

533 Wildlife

The population of each wildlife specieswas estimated using the popul ation density per squaremileof habitat
and thetotd area of suitable habitat in each subwatershed (Table 5.3). Aswith grazing livestock, wildlife
deposit manure on theland and directly to surfacewaters. The habitat and percentage of time each pecies
typicaly spends in streams was used to determine the proportion of feca coliform bacteria that was
deposited onland versusdirectly to surfacewaters. Loadsapplied to theland (in each subwatershed) were
digtributed according to the tota area of each land use type within the established habitat area of each
Species.

Table 5.3 Wildlife population by subwatershed

Ducks Geese
Subwater shed Deer Beaver Raccoon Muskrat
Summer Winter Summer Winter
1 10 14 17 24 12 04 28 24
2 15 20 25 35 31 0.6 56 A
3 16 22 27 38 50 0.6 53 36
4 05 0.7 0.8 12 52 0.02 7 1
5 8 11 14 19 38 0.3 32 17
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534 Domestic Pets

Housng estimates (number of sewered and unsewered houses) were used to determine the number of pets
in each Cooks Creek subwatershed. An assumption of one pet per household was used to cdculate the
pet population. Feca coliform bacteria loading from pets was gpplied to urban (built-up) lands in each
subwatershed.

5.4 Stream Characteristics

The channel geometry for the stream reaches in Cooks Creek subwatersheds were based on the visud
observation of stream channe configurations throughout the watershed and through an analysis of typica
stream channd geometry vaues for these stream types. The stream segment length and dope vaues for
each subwatershed were determined using GIS andlysis of digitized streams and digital eevation models
(DEMS).

55 Selection of a Representative Modeling Period

The sdlection of arepresentative modding period was based on the availability of stream flow and water
quality data collected in the Cooks Creek watershed that cover varying wet and dry time periods. Hourly
flow discharge data were available from the USGS gage located near the mouth of Blacks Run
(USGS01621470, Route 704 road crossing) from February 20, 1999 through November 26, 2000.
Monthly water quality datawere dso collected by VADEQ on Cooks Creek and Blacks Run during this
period; therefore, this time period was selected for modeling purposes. Local weather data obtained from
the USGS gage on Blacks Run and the Dale Enterprise meteorological station were used in modd runs.
This time period represented varying climatic and hydrologic conditions, including dry, average, and wet
periods that typically occur inthe area. Thiswas an important cons deration because during dry weather
and low flow, congtant direct discharges dominate the impact on instream concentrations, however, during
wet westher and high flow periods, surface runoff delivers nonpoint source fecal coliform to the stream,
affecting the instream conditions more than congtant discharges.

5.6 Model Calibration Process

To develop a representative linkage between the sources and the instream water qudity response in the
Cooks Creek watershed, model parameters were adjusted to accurately represent hydrology and feca
coliformbacterialoading. Hydrologic cdibrationwasbased on quantitative comparisons between mode ed
streamflow and observed streamflow upstream of the USGS gage on Blacks Run, because of the lack of
streamflow data collected on Cooks Creek. Hydrologic parameter values calibrated to represent the flow
regimein Blacks Run were used to set up the Cooks Creek modd!.
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Figure 5.2 shows the observed and modeled flows for the period of record. Modd parameters which
relate to surface water runoff, water balance, and groundwater flow were adjusted within reasonable limits
until predicted flows adequately matched observed values. Adjusted parameters represent groundwater
gtorage, evapotranspiration, infiltration capacity of the soil, interflow, and overland flow length. Based on
this examination and averification that parameter valueswere reasonable, it was determined that the model
adequately represents the hydrology of Blacks Run. Cdibration statistics and their acceptable rangesare
givenin Table 5.4. Following hydrology cdlibration, an independent time period istypicdly sdected and
modeled in order to assess and vaidate the cdibration results. Due to the limited streamflow record, a
vaidation period was not specified in order to maximize the length of the calibration time period.
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Figure 5.2 Hydrology cadibration results for the period 1/1/00 through 11/26/00
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Table5.4 Hydrology cdibration performance Satistics (Water Y ear 2000)

Flow Calibration Parameter Simulated (in.) Observed (in.) % Error R?T;?Ti?nei%
Total volume (runoff) 5.69 545 4.29% 10%
Total of lowest 50% flows 1.06 1.09 -3.03% 10%
Total of highest 10% flows 252 2.39 5.20% 15%
Summer volume 171 173 -1.20% 30%
Winter volume 122 107 12.33% 30%
Summer storm volume 146 137 6.09% 50%

The VADEQ water quality station on Cooks Creek islocated just upstream of the confluence with Blacks
Run; therefore, water quality calibration was based on the modd output at this location and does not
incorporatethe contribution from Blacks Run. Fecd coliform accumulation and surfaceloading parameters
for land useswere cal cul ated based on contributionsfrom various sources, asdiscussed in Section 4. After
incorporating these mode parametersand inputs, aswell as contributions from livestock and wildlife point
sources, septic systems, and background concentrations in the streams, mode ed in-stream fecd coliform
bacteria concentrationswere compared to observed data. Themodeled concentrationsclosaly correspond
to the observed fecal coliform vaues, as shown in Figure 5.3. The relative pattern of observed
concentration levels is maintained in the modeled concentrations. 1t should be noted that the difference
between the highest feca coliform observed values and the modeled peak concentrations is due to
laboratory detection limits which cap the maximum reported concentration at either 8,000 cfu/100mL or
16,000 cfu/200mL., depending on when the samples were collected and which laboratory protocol was
used. Because of these maximum laboratory detection limits, the measured value of the sample may be
ggnificantly lower than the actud vaue.
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Figure5.3 Water quality cdlibration at the VADEQ station on Cooks Creek (1BCK S003.10) for the
modding period
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5.7 Existing L oadings

The modd was run for the representative hydrologic period (February 20, 1999 through November 26,
2000). Themodeling runrepresentsthe existing bacteriaconcentrationsand | oadings at each subwatershed
outlet. Figure 5.4 shows the time series geometric mean concentrations of fecal coliform bacteria under
exiging conditionsfor Cooks Creek (at the mouth and upstream of Blacks Run) and the Blacks Run inflow.
These data were compared to the 200 cfu/100mL geometric mean water quality standard to assess the
magnitude of in-stream concentrations. Exigting feca coliform bacterialoadings by land use category for
Cooks Creek subwatersheds are presented in Section 6. These va uesrepresent the contribution of fecal
coliform bacteria from dl sources in each subwatershed, not including inflows from upstream
subwatersheds. Notethat the Blacks Run fecal coliform bacteriacontribution was added asa point source
into the downstream subwatershed in alocation scenarios.

Rainfall (In/Day) Blacks Run mouth
""" Geometric Mean Standard === Cooks Cr mol
Cooks Cr upstream of Blacks Run
100000 0

10000

Fecal Coliform (#/100 mL)
Rainfall (in/day)

1000

Geometric Mean

(200 cfu/100mL) [

18

100 T T T 20
2/20/99 8/20/99 2/20/00 8/20/00

Date

Figure 5.4 Exigting conditions - time series geometric mean concentrations for Cooks Creek and
Blacks Run
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SECTION 6

TMDL METHODOLOGY

6.1 TMDL Calculation

The fecd coliform bacteria TMDL established for Cooks Creek consists of a point source wastel oad
dlocation (WLA), anonpoint source load dlocation (LA), and amargin of safety (MOS). The TMDL
isthetotal amount of a pollutant thet can be assmilated by the receiving waterbody while sill achieving
water quaity standards. For feca coliform bacteria, TMDLSs are expressed in terms of bacteria counts
(or resulting concentration).

The TMDL equetion isasfollows
TMDL =WLA + LA + MOS

The WLA portion of this equation is the total |oading assigned to point sources (e.g. sewage trestment
plants). The LA portion represents the loading assigned to nonpoint sources (e.g. septic discharges,
cattle direct depogition). The MOS s the portion of loading reserved to account for any uncertainty in
the data and the modeling process. A geometric mean of 200 cfu/200mL was established as the
TMDL vaue, based on the feca coliform bacteria criteria specified in Virginia s Water Qudlity
Standards (Section 1). An explicit MOS of 5 percent (10 cfu/100mL) was used in TMDL cdculations,
therefore, the sum of WLAs and LAs must not exceed 190 cfu/200mL. Implicit MOS factors were
aso incorporated into the TMDL devel opment process through the use of conservative model
assumptions and source |oad estimates.

6.2 Wasteload Allocations

There are currently four minor point source facilities in the Cooks Creek and Blacks Run watersheds
(Table4.8). Two of these facilities are located in the Blacks Run subwatershed (Figure 4.1). The U.S.
Training and Development Center is the only facility that is permitted to discharge fecd coliform
bacteria Thisfacility was addressed in the Blacks Run fecd coliform bacteria TMDL (USGS 2002);
therefore the Cooks Creek WLA equals zero.

6.3 L oad Allocations

Load dlocations to nonpoint sources are divided into land-based loads from land uses in the watershed
and direct discharges from septic systems, cettle, wildlife, and pets.
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Using the model devel oped to represent existing conditions, various alocation scenarios were examined
for reducing fecd coliform loads to levels that would result in the attainment of water quality standards.
This examination focused on understanding the water quality response and sengtivity of Cooks Creek
to variations in source loading characteridtics.

Allocation scenarios that meet the 30-day geometric mean standard concentration of 190 cfu/100mL
(less5% MOS) are presented in Table 6.1. The time series 30-day geometric mean concentration for
exiging and alocation scenarios are shown in Figure 6.1. Reductions in load contributions from cattle
in streams had the grestest impact on fecd coliform concentrations. Significant reductions from al other
sources, including land-based |oadings and wildlife direct depostion were aso required to meet the
geometric mean standard. Although the amount of fecal coliform bacteriathat is produced by sources
such aswildlife are far less than the loads that are produced by livestock in the watershed, reductionsin
these sources were aso required due to the magnitude of fecd coliform concentration in the streams.
Direct deposition during low flow conditions and |oads transported by runoff during high flow
conditions are controlled in these dlocation scenarios. Forest contributions represents the natural
condition and therefore were not reduced in dlocation scenarios. Note that the Blacks Run geometric
mean concentration used in allocation scenarios was based on the TMDL dlocated load that was
caculated for this stream in the Blacks Run TMDL study (USGS 2002).

Table6.1 TMDL alocation scenarios

e *Scenaripl ScenariqZ Scenariq3
(% reduction) (% reduction) (% reduction)

Cropland 9% 9% 9%
Pastureland (incl. hayland) 9 9 9
Forest Land 0 0 0
Built-Up Land % %9 %
Interflow & Groundwater 9 P9 9
Cattlein streams 100 100 9
Wildlifein streams 0 97 97
Septic systems 100 100 9
(failing & uncontrolled discharges)
Blacks Run inflow 0 0 50

* Scenario 1 does not meet the geometric mean standard of 190 cfu/100mL (less 5% MOS)

6-2
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Figure 6.1 Time series geometric mean concentrations for existing and alocation scenarios

The existing and alocation loads under Scenario 2 are presented in Table 6.2. This scenario does not
propose reductions to forest lands and holds the Blacks Run TMDL dlocation loads fixed (no
additiona reduction). The load alocation in this scenario includes a 99% reduction in al land-based
sources in the watershed, a 100% reduction in direct deposition of feca coliform bacteriafrom cattle, a
100% reduction in contributions from failing septic systems and any unpermitted discharges, and a 97%
reduction in wildlife direct depostion into streams. Other alocation scenarios which meet the geometric
mean standard (less 5% MOS) required reductions in loads from forest lands and/or from the
previoudy alocated Blacks Run contribution. The required source load reductions were smilar to the
findings in the Blacks Run TMDL study.

April 2002 6-3



TMDL Development for Cooks Creek - Fecal Coliform Bacteria

Table6.2 Existing and dlocation loads for each subwatershed under Allocation Scenario 2

Land-Based Contributions

Existing Scenario

SWS Built-Up Cropland Forest Pasture
1 9.58E+12 1.09E+14 6.97E+10 2.17E+14
2 2.24E+13 2.94E+14 2.13E+11 5.50E+14
3 3.91E+13 4.25E+14 5.86E+11 7.94E+14
4 1.47E+13 3.55E+14 1.07E+12 6.70E+14
5 3.80E+13 3.60E+14 2.08E+11 6.92E+14

Allocation Scenario #2

SWS Built-Up Cropland * Forest Pasture
1 9.58E+10 1.09E+12 4.02E+09 2.17E+12
2 2.26E+11 2.98E+12 5.98E+09 5.50E+12
3 3.08E+11 4,25E+12 1.41E+10 7.94E+12
4 1.40E+11 3.55E+12 1.30E+10 6.70E+12
5 3.31E+11 3.60E+12 5.58E+09 6.92E+12

*Subsurface concentrations reduced 99%, surface accumulation rate same as existing.

In-Stream Contributions
Existing In-Stream Cattle (# for In-Stream Septics (# for In-Stream Wildlife (# for
Scenario simulation period) simulation period) simulation period)
Allocation| Percent Allocation| Percent Allocation| Percent
Reach Existing 2 Reduction| EXxisting 2 Reduction| EXxisting 2 Reduction
001 4.88E+13 0 100 2.47E+12 0 100 2.53E+13] 7.60E+11 97
002 3.30E+13 0 100 1.82E+13 0 100 397E+13| 1.19E+12 97
003 3.96E+13 0 100 2.79E+13 0 100 4.17E+13| 1.25E+12 97
004 2.86E+12 0 100 2.62E+13 0 100 2.56E+12| 7.67E+10 97
005 3.28E+12 0 100 1.38E+13 0 100 2.18E+13| 6.53E+11 97
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6.4 Consderation of Critical Conditions

The NPSM modd is a continuous-smulation moded; therefore, al flow conditions are taken into account
for loading cdculations. The modding period represents typical high and low flow periods in the
watershed; therefore, loads contributed through direct deposition (e.g. cattlein streams) and through runoff
under critical conditions were accounted for in the modd.

6.5 Consideration of Seasonal Variations

Seasonal variaion was explicitly included in the modeling approach for this TMDL. Fecd coliform
accumulationratesfor each land use were determined on amonthly bass. The monthly accumulation rates
accounted for the tempord variation in activities within the watershed, including seasond application of
agricultura waste, grazing schedules of livestock, and seasond variation in number of cowsin the stream.
Also, the use of continuous smulation modding resulted in congderation of the seasond aspects of rainfall
patterns. In addition, seasond variationwas accounted for in the alocation scenario. Reductions of feca
coliform |oads were determined on a monthly basis by each land use in each subwatershed.
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SECTION 7

REASONABLE ASSURANCE AND IMPLEMENTATION

7.1 Follow-Up Monitoring

The Department of Environmental Quality will continue to monitor Blacks Run and Cooks Creek in
accordance with its ambient monitoring program. VADEQ and VADCR will continue to use data from
these monitoring sationsto evauate reductionsin feca bacteria counts and the effectiveness of the TMDL
in attaining and maintaining water quality standards.

7.2 TMDL Implementation Process

ThisTMDL isthefirst step toward the expeditious attainment of water quality Sandards. The second step
will be to develop a TMDL implementation plan, and the find step isto implement the TMDL until water
qudity standards are attained.

The Commonwed thintendsfor thisTMDL to beimplemented through best management practices (BMPS)
in the watershed. Implementation will occur in Stages. The benefits of staged implementation are:

1. asstream monitoring continuesto occur, it dlows for water quality improvements to be recorded as
they are being achieved;

it provides ameasure of quality control, given the uncertainties which exist in any modd;

it provides a mechanism for developing public support;

it helps to ensure the most codt effective practices are implemented initidly; and

it dlows for the evaluation of the adequacy of the TMDL in achieving the water quality standard.

a bk ownN

Watershed stakeholders will have opportunity to participate in the development of the TMDL
implementation plan as outlined below. While specific gods for BMP implementation will be established
as part of the implementation plan development process, some genera guidelines and suggestions are
outlined below:

Ingenerd, the Commonwed th intendsfor therequired reductionsto beimplemented in an iterative process
that addresses the sources with the largest impact on water qudity first. For example, the most promising
management practice in agricultural aress of the watershed islivestock excluson from streams. This has
been shown to be very effective in lowering feca coliform concentrationsin streams, both from the cattle
deposits themsaves and from additiona buffering in the riparian zone. Additiondly, reducing the human
bacteria loading from failing septic systems should be a focus during the first stage because of its hedth
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implications. This component could be implemented through education on septic pump-outs and other
activities.

During the second stage of implementation, increased stockpiling of poultry litter may be an appropriate
management measure to pursue, following research on the required storage time needed to remove feca
coliform bacteria. Management practices that might be appropriate for controlling urban wash-off from
parking lots and roads and that could be readily implemented may include more restrictive ordinances to
reduce feca |oads from pets, improved garbage collection and control, and improved street cleaning.

7.3 Regulatory Framework

Section 303(d) of the Clean Water Act (CWA) and current EPA regulations do not require the
devdopment of implementation drategies. However, including implementation plans as a TMDL
requirement has been discussed for future federd regulations. Additiondly, Virginia s1997 Water Qudlity
Monitoring, Information and Restoration Act (WQ MIRA) directs VADEQ in section 62.1-44.19.7 to
“develop and implement a plan to achieve fully supporting status for impaired waters’. The Act dso
establishes that the implementation plan shal include the date of expected achievement of water quality
objectives, measurable goals, corrective actions necessary and the associated cost, benefits and
environmental impact of addressing theimpairments. EPA outlinesthe minimum e ementsof an approvable
implementationplan inits 1999 “ Guidance for Water Quality-Based Decisons. The TMDL Process’. The
listed d ementsincludeimplementation actions/management measures, timeline, legd or regulatory contrals,
time required to atain water quaity standards, monitoring plan and milestones for ataining water quality
dandards. Watershed stakeholders will have opportunities to provide input and to participate in the
development of the implementation plan, which will dso be supported by regiona and locd offices of
VADEQ, VADCR, and other cooperating agencies.

DEQ acknowledges that it may not be possible to meet the existing water quaity standard because of the
wildlife issue associated with a number of bacteria TMDL s (see section 7.4 below). At some futuretime,
it may therefore become necessary to investigate the stream’ s use designation and adjust the water quality
criteria through a Use Attainability Anayss.

Once developed, VADEQ intends to incorporate the TMDL implementation plan into the appropriate
Water Quality Management Plan, in accordance with the CWA'’s Section 303(€). In response to a
Memorandum of Understanding (MOU) between EPA and VADEQ, VADEQ aso submitted a draft
Continuous Planning Processto EPA inwhich VADEQ commitsto regularly updating the WQMPs. Thus,
the WOQMPs will be, among other things, the repository for dl TMDLsand TMDL implementation plans
developed within ariver basin.
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7.4 Implementation Funding Sour ces

One potentia source of funding for TMDL implementation is Section 319 of the Clean Water Act. In
responseto thefederal Clean Water Action Plan, Virginiadevel oped aUnified Watershed Assessment that
identifies watershed priorities. Watershed restoration

activities, such as TMDL implementation, within these priority watersheds are igible for Section 319
funding. Incressesin Section 319 funding in future yearswill betargeted towards TMDL implementation
and watershed restoration. Other funding sources for implementation include the USDA’ s Conservation
Reserve Enhancement Program (CREP), the USDA’s Environmental Qudity Implementation Program
(EQIP), the gtate revolving loan program, the VA Water Quality Improvement Fund, the VA Cost-Share
Program, and tax credit programs.

7.5 Addressing Wildlife Contributions

In some streams for which TM DL s have been devel oped, water qudity modeling indicatesthat even after
remova of dl of the sources of fecd coliform (other than wildlife), the sream will not attain andards. As
is the case for Blacks Run and Cooks Creek, TMDL dlocation reductions of this magnitude are not
redigic and do not meet EPA’ sguidance for reasonable assurance. Based on the water qudity modding,
many of these streamswill not be able to attain standards without some reduction in wildife  Virginia
and EPA are not proposing thedimination of wildlifeto allow for theattainment of water quality
standards. Thisis obvioudy an impracticd action. While managing over-populaions of wildlife remains
as an option to local stakeholders, the reduction of wildlife or changing a natura background conditionis
not theintended goa of aTMDL.. In such acase, after demongtrating that the source of feca contamination
is naturd and uncontrollable by effluent limitations and BMPs, the state may decide to re-designate the
stream’ susefor secondary contact recreation or to adopt Site specific criteriabased on natura background
levels of fecd coliforms. The state must demongtrate that the source of fecd contamination is neturd and
uncontrollable by effluent limitations and BMPs through a so-caled Use Attainability Andysis (UAA) as
describedinchapter 1. All Ste-specific criteriaor designated use changes must be adopted asamendments
to the water quality standards regulations. Watershed stakeholders and EPA will be able to provide
comment during this process.

Based ontheabove, EPA and Virginiahave developed aTMDL drategy to addressthewildlifeissue. The
first step in this Strategy is to develop interim reduction goas. The pollutant reductionsfor theinterim god
are gpplied only to controllable, anthropogenic sources identified in the TMDL, setting aside any control
grategiesfor wildlife. During thefirst implementation phase, dl controllable sources would be reduced to
the maximum extent practicable using the staged approach outlined above. Following completion of the
firg phase, VADEQ would re-assesswater quality in the stream to determineif the water quality standard
is attained. This effort will dso evauate if the modding assumptions were correct. If water qudity
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standards are not being met, aUAA may beinitiated to reflect the presence of naturdly high bacterialevels
due to uncontrollable sources.  In some cases, the effort may never have to go to the second phase
because the water quaity standard exceedances atributed to wildlife in the modd are very smal and
infrequent and may fal within the margin of error.
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SECTION 8

PUBLIC PARTICIPATION

The first public meeting on the development of TMDL s for Blacks Run and Cooks Creek was held on
April 12, 2001 from 7-10 p.m. at Pence Middle Schoal in the Town of Dayton. Public notice of the
draft TMDLs and the public meeting was published in the Virginia Register on March 26, 2001
(Volume 17, Issue 14). Copies of the presentation materids were made available for public distribution
at the meeting. The public comment period ended on April 20, 2001. Eleven people atended the first
public meeting. One comment |etter was received and was responded to in writing.

The second public meeting on the development of TMDL s for Blacks Run and Cooks Creek was held
on March 28, 2002 from 7-10 p.m. at the VADEQ Vdley Regiond Office in the City of Harrisonburg.
Public natice of the draft TMDL s and the public meeting was published in the Virginia Register on
March 11, 2002. Copies of the draft TMDL reports and presentation materials were made available
for public ditribution at the meeting. The public comment period ended on April 19, 2002. Fourteen
people attended the second public meeting. No written comments were received.
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